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SUMMARY 


This  system  satisfies  the  multiple  requirements  necessary  to  properly 
accomplish  acceleration  stress  experiments  where  conscious  subhuman  primates 
are  used  as  subjects.  Although  developed  primarily  for  dynamic  experiments, 
the  PRS  serves  well  for  short  term  static  use. 

Devices  exposed  to  acceleration  of  the .magnitude  generated  by  the 
Dynamic  Environment  Simulator  (DES)  generally  require  stringent  measures  to 
contend  with  the  rigors  of  dynamic  stresses,  However,  by  using  this  system 
many  high  G experiments  have  been  accomplished;  many  other  experiments  can  be 
done  that  would  require  lesser  physical  demands. 

Due  to  the  versatility  many  of  the  PRS  diverse  applications  are  readily 
achieved.  Some  specific  examples  of  this  system's  versatility  are  use  of 
different  animal  species,  variability  of  animal  size  and  body  shape,  dynamic 
and  static  use,  a safe  condition  for  investigators  when  the  animal  is  conscious 
but  restrained  to  avoid  injury,  emphasis  on  a minimum  restraint  area  allowing 
a large  area  of  animal  exposure  for  instrumentation  of  the  animal.  Uses  other 
than  those  applications  mentioned  above  can  be  made  of  the  PRS  as  it  is 
presented  and  illustrated  in  the  Materials  Section  of  this  report. 

The  present  PRS  has  been  in  use  on  the  centrifuge  in  support  of  specific 
experiments  in  excess  of  100  acceleration  exposures  and  continues  to  function 
as  required.  Considering  the  repeated  use  of  this  system  the  initial  cost 
and  maintenance  fees  seem  minimal.  A larger  version  of  this  same  chair  is 
under  consideration  to  satisfy  experiments  that  will  require  very  large 
animals  in  the  60-90  lb  range. 
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INTRODUCTION 


The  necessity  to  fabricate  this  Primate  Restraint  System  (PRS)  originated  from 
a series  of  dynamic  experiments  whereby  conscious  subhuman  primate  subjects 
were  exposed  to  acceleration  stress.  Several  other  restraint  sy'. terns  have 
been  developed  (1,2,3).  The  large  size  (10-40  lb)  conscious  animals  used  to 
satisfy  our  experimental  design  prevented  the  use  of  these  other  restraint 
systems.  Conscious  subhuman  primates  can  become  vicious,  aggressive  and 
difficult  to  manage.  This  is  dangerous  to  the  investigators  and  animal  han- 
dlers when  conventional  restraints  are  used.  Using  the  PRS  illustrated  here, 
(Fig.  1)  the  restrained  animals  do  not  remain  excited  or  apprehensive,  but 
become  calm  during  the  experiments,  reducing  the  changes  to  compromise  the 
data.  This  affords  greater  safety  for  the  investigators  and  protects  the 
animal  from  harm  or  injury,  yielding  valid  experimental  results  and  maximum 
data  usage.  This  PRS  (Fig.  2)  was  exposed  to  high  acceleration  (25G)  using 
AMRL's  Dynamic  Environment  Simulator  (DES)  with  favorable  results  at  all 
G levels. 


FIGURE  1.  Animal  In  Restraint 
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FIGURE  2.  Primate  Restraint  System 


OBJECTIVES 

The  basic  objective  of  this  system  is  to  maintain,  as  much  as  possible,  stable 
and  practical  conditions  that  contribute  to  a physiological  norm  for  primates 
exposed  to  acceleration  stress.  There  are  some  considerations  within  this 
basic  objective  that  contribute  to  acceptable  physiological  conditions.  The 
system  must  permit  the  use  of  conscious  animals  in  a manner  that  is  safe  for 
the  investigators  and  prevents  undue  harm  to  the  animals.  The  system  should 
accommodate  a range  of  animals  between  10-40  lb,  and  withstand  high  accelera- 
tion without  any  structural  damage.  Restraints  should  be  arranged  so  simple 
that  work  in  conjunction  with  each  other  should  have  maximal  holding  power, 
but  cover  just  a small  part  of  the  body  to  permit  easy  access  to  the  animal. 
Leads  from  physiological  monitoring  instruments  must  be  accessible  to  the 
investigator,  but  out  of  the  animal's  reach.  A small  amount  of  removable 
absorbable  material  is  preferred  to  contribute  to  an  easily  cleaned,  sanitary 
system.  Boney  prominances  should  be  protected  and  the  contour  of  the  primate 
body  under  G maintained  to  enhance  animal  comfort.  A highly  desirable  feature 
would  be  a head-neck  restraint  that  also  prevents  stragulation  during  accelera- 
tion stress. 
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RESULTS 


Satisfactory  solution  of  the  objectives  was  achieved  through  the  development 
of  a system  with  multiple  adjustments.  The  system  was  made  more  versatile  by 
strategically  arranged  restraint  devices.  This  unique  arrangement  of  restraint 
devices  in  conjunction  with  adjustments  permits  the  PRS  to  orient  automatically 
to  the  configuration  of  the  primate  body  and  compensate  for  acceleration  stress. 
Our  observations  of  the  animal  before,  during  and  after  exposure  to  accelera- 
tion stress  show  the  compensating  mechanisms  of  the  PRS  preserve  the  animal's 
stability  to  a degree  keeping  within  good  physiological  measurements  and  data 
collection  practices. 

Small  animals  may  be  placed  in  the  PRS  with  little  effort  and  minimum  risk  to 
the  handlers.  Larger  animals  in  excess  of  about  10  lbs  must  be  anesthetized 
before  placement.  These  animals  are  permitted  recovery  from  the  anesthetic 
and  although  hostile,  (after  a relatively  short  time  span  of  about  15  minutes), 
become  accustomed  to  the  restraint  and  calm  themselves.  The  security  of  the 
VelcroR  wraparound  torso  and  lap  restraints  (Velcro  Corporation,  New  York, 

N.Y.)  appears  to  soothe  the  animals  and  contribute  to  their  comfort. 

The  need  of  the  primate  restraint  system  to  accomodate  two  animal  species  was 
satisfied  by  measurements  taken  from  two  sources.  First,  the  dimensions  of 
Rhesus  monkeys  (Macaca  mulatta)  were  taken  from  a joint  NASA- Naval  Report  (4) 
with  just  a cursory  check  of  the  dimensions  in  our  laboratory.  Second,  for 
baboons  (Papio  papio) , the  dimensions  from  actual  measurements  made  by  our 
staff  were  used  as  necessary  to  alter  the  system  design.  Body  similarities 
for  the  baboon  and  monkey  are  much  greater  than  their  differences;  thus,  minor 
changes  will  permit  use  of  the  PRS  for  either  species. 

Figures  and  illustrations  contained  herein  are  adequate  to  derive  all  component 
functions  of  the  system  including  some  that  may  be  necessary  to  satisfy  experi- 
mental designs  different  from  ours.  Certain  areas  of  the  system  will  be 
expanded  upon  to  show  the  intent  of  the  total  system.  The  materials  used  to 
fabricate  this  system  are  either  physically  strong  enough  to  withstand  the 
high  gravitational  forces  generated  by  the  20  ft.  radius  centrifuge,  or  their 
arrangement  in  the  system  is  such  that  up  to  25  G can  be  withstood  by  this 
system  without  any  structural  damage. 

The  total  restraint  requires  a series  of  lesser  restraint  devices  that,  of 
necessity,  work  in  conjunction  with  each  other  to  obtain  maximum  holding  power. 
Restraint  of  3 main  body  areas  is  sufficient  to  prevent  escape  and  permit  many 
large  areas  of  the  animal  to  be  exposed  for  placement  of  instrumentation 
sensing  detectors.  The  lower  extremities  are  kept  in  place  by  over-the-center 
IJ  clamps  with  an  assist  by  a lap  wraparound  of  Velcro  on  a nylon  belt.  The 
upper  extremeties  also  use  over-the-center  U clamps,  but  the  assist  device  to 
prevent  the  extraction  of  the  lower  arm  or  wrist  from  the  U clamp  is  a special 
elbow  restraint  that  swivels  during  animal  movement  or  acceleration.  The  self 
compensating  head-neck  restraint  is  the  most  important  part  of  the  entire 
system.  It  restrains  in  a manner  that  permits  exposure  of  animals  to  accelera- 
tion stress  without  strangulation  or  occulsion  of  major  vessels  to  the  head. 
Various  sizes  are  available  for  either  baboon  or  monkey  and  can  be  easily 
changed . 
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Those  areas  of  the  animals  that  are  exposed  to  the  PRS  are  padded  with  a small 
amount  of  reusable  material  that  can  be  removed  to  sanitize  the  system  between 
experimental  animals. 


The  backplate  of  the  system  is  adjustable  to  fit  various  animal  sizes,  and  also 
allows  ready  access  to  leads  from  physiological  monitoring  instruments 
frequently  used  with  this  system.  The  hole  in  the  backplate  for  these  leads 
is  out  of  the  animals  reach. 

The  system  allows  the  animal  to  be  properly  restrained,  with  all  four  ex- 
tremeties  exposed,  and  the  head,  check  and  abdomen  easily  accessible  for 
instrumentation.  Essentially  the  same  conditions  are  maintained,  permitting 
data  to  be  collected  and  reproduced  if  necessary  and  so  enhance  the  validity 
of  each  experiment. 

APPLICATIONS 

The  primary  application  of  this  system  is  to  provide  a tool  for  the  restraint 
of  subhuman  primates  while  under  acceleration  stress.  The  system  also  provides 
restraint  and  protection  for  an  animal  recovering  from  the  anesthesia  used  in 
surgical  procedures  (6). 


A unique  feature  of  the  Primate  Restraint  System  is  adaptability  to  a wide  range 
of  invasive  investigative  procedures.  Wide  exposure  of  body  surface  area 
combined  with  immobilization  of  the  animal  provides  an  excellent  platform  for 
the  use  of  various  tissue  and  vascular  probes  and  catheters.  Vascular 
injection  of  microspheres  may  be  used  to  determine  regional  perfusion  and 
cardiac  output  (5,6).  Cardiac  output  may  also  be  monitored  using  thermal  (6) 
and  dye  dilution  techniques,  or  vascular  flow  probes.  Standard  transducers 
may  be  used  to  measure  blood  pressure  (6).  Tissue  probes  may  be  used  to 
measure  pH,  or  oxygen  tension,  including  cerebral  oxygen. 

These  are  just  a sample  of  the  applications  opened  with  the  use  of  the  PRS. 

These  procedures  have  been  successfully  tested  on  the  PRS  where  indicated 
by  the  reference  citations.  Modifications  of  these  procedures,  or  the 
restraint  system  itself,  limits  application  of  this  system  to  the  imagination 
of  the  investigator. 
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